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INTRODUCTION 
Protein was the first substance recognized as a vital part of 
living tissue. About 18 percent of the human body is in the form of 
protein, and certain protein constituents can be obtained only from 
dietary sources. Since meat is the chief source of protein in the 
normal diet, this study was aimed primarily at factors influencing 
quality of meat. The problem included two particular meats, lamb and 
turkey. 
The per capita consumption of lamb in the United States is lower 
than that for any other meat. In 1944 in the United States 6.7 pounds 
of lamb were eaten per capita. This amount decreased to a low of 3.4 
pounds in 1951 but was followed by an increase . In 1958, a new low of 
4.1 pounds per capita consumption was reported . Several factors such as 
regional differences, customs, supply, and habits can be listed as 
factors influencing these changes. 
The Western United States represents almost half of the total sheep 
production in this country, and Utah ranks among the leading Western 
states. Sheep and lambs produced on Utah farms in 1961 totaled 1,188,000 
and represented a dollar value of $19,483,000. 
Palatability and tenderness of lamb can be attributed directly to 
the quality of the animal at the time of slaughter . Quality is deter-
mined by several factors including fat covering, which in turn is 
determined by the feeding regime. Thus, the producer is vitally con-
cerned with the best feeding plan to produce the highest quality animal, 
while the housewife is likewise looking for the best buy for her money. 
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The objective of the first phase of this study was to show the 
effect of varying rates of weight gain on palatability and tenderness of 
lamb . 
The year 1960 was a revolution to the turkey industry with a one -
third increase of turkey production over the previous year. In the 
years since the World War II, turkey consumption in the United States 
has nearly doubled. This can be attributed to the fact that convenience 
was greatly increased with the availability of eviscerated ready-to-cook 
turkeys, the availability of frozen turkeys throughout the entire year, 
some de cline in prices of turkey meat compared with most other meats, 
and the fact that smaller turkeys or parts of the whole carcass were 
available as well as other factors. 
Many recent advances in processing turkeys have been made to decrease 
the time and labor spent. Technical machinery and newer methods are now 
used to produce the oven-ready birds. Factors, such as scalding time 
and temperatures, methods of feather removal, chilling time and chilling 
methods, freezing rates, and cooking methods have been shown to have an 
influence on the tenderness of turkey. As new methods and machinery are 
developed for shortening processing time, the effect on the tenderness 
of the final product should be a prime consideration. 
It was the primary objective of the second phase of this study to 
show the effect of length of chilling time as influenced by method of 
chilling on the tenderness of roasted turkeys . Other variables that were 
considered were sex di fferences, method of feather removal, and method 
of cooking. 
REVIEW OF LITERATURE 
Tenderness and palatability of lamb 
Weber et al. (1931) conducted experiments on the length of feeding 
period and plane of nutrition of lambs and reported that full feeding 
was the most efficient method of prolonging the feeding period. He also 
reported that considerably less difference in palatability was noted 
between the various roasts than might have been expected in view of the 
grade and quality differences of the different carcasses. Weber and 
Loeffel (1932) reported that roasts from the weanling lambs were more 
tender and juicy than those from lambs which were slaughtered 28 days 
after weaning. However, the roasts were a little less pronounced in 
aroma and in flavor of fat and lean. 
Barbella et al. (1936) reported that retarding the growth of lambs 
made the meat less desirable in flavor . The longissimus dorsi muscle 
from the lambs retarded in growth contained less protein and fat and more 
water. 
Variations in tenderness were caused mainly by factors other than 
fatness according to Hankins and Ellis (1939) . Their work consisted of 
relation between fat quantity and carcass weight, changes in yie l ds and 
composition of cuts, fat in relation to other factors of composition, 
color of meat in relation to fatness, and tenderness in relation to 
fatness . 
Pairs of lambs were full - fed and limited-fed by Cover et al. (1944). 
The full-fed animal was somewhat more tender than the limi t ed-fed one in 
some pairs. However , in other pairs the limited-fed ones were more 
tender. Thus according to this study it seems doubtful that fatness 
influences tenderness in lamb to any marked extent. 
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In a study by Gaddis et al. (1950) the percentage of fat in the 
press fluid and juiciness of beef rib samples was related up to a 2 per-
cent fat content. Data from 115 lambs and sheep and 11 goats did not 
show this same relationship. 
Batcher et al. (1962) stated that meat from rib-loin was less tender 
as the age increased, but that leg cuts showzd no significant change in 
tenderness with increased age of animal. Juiciness and flavor or either 
rib-loin or leg were not associated with age of animal. 
Several things besides the carbohydrate, protein, and fat in the 
ration must be considered in determining the value of the ration 
(Briskey, 1961). The factors to be considered included the adequacy of 
the ration, the individual animal being fed, and the conditions under 
which it was being fed. The amount and kind of glycogen deposited in 
the tissues was influenced by these factors. The glycogen in turn was 
related to the ultimate properties of the muscle tissue--the rate of 
breakdown and enzyme activity. Consideration must also be given to 
factors involved in the course of rigor mortis, change in pH, and reduc-
tion in temperature along with the simultaneous lactic acid production. 
As reported by Alexander and Clark (1934) the carcass grade 
influenced the shrinkage of lamb and mutton during roasting. Choice, 
Good, Medium, Common and Cull grades were tested. They found that the 
higher the grade of lamb, the greater the shrinkage. This s hrinkage was 
attributed to fat rendering in the higher grades. They also found that 
increased ripening period after slaughter decreased cooking shrinkage 
and shortened the time required to roast. As the ripening period increased 
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beyond two days after slaughter, cooking shrinkage decreased and heat 
penetration rate became more rapid. The smallest shrinkage was reported 
for the lower oven temperatures. The degree of doneness of the lamb had 
more influence on the shrinkage than the oven temperature. 
Wilcox and Galloway (1952) reported that raw chops from first cross 
Rambouillet fed lambs were more tender as measured by shear force than 
raw chops from Columbia fed lambs. No similar s ignificance was evident 
in the scores of the panel of judges for tenderness, texture, flavor of 
lean and of fat, and juiciness . 
Tenderness of turkey 
Three factors have been shown to influence tenderness of turkey; 
namely, length of aging period, degree of scald and amount of beating in 
machine picking. 
Stewart et al. (1945) reported that the palatability of chicken 
broilers was not affected by aging before freezing . However, tenderness 
of poultry was markedly affected by aging treatment according to Carlin 
et al. (1949). Their work indicated that no aroma or flavor differences 
could be attributed to various treatments of freezing and aging, but the 
aging process before freezing definitely increased tenderness, particularly 
in the birds aged 24 hours . 
Freezing was found to interfer with the tenderness pattern by Koonz 
et al. (1954) in that complete tenderization was delayed until the tis-
sues were defros ted . Most of the poultry became relatively tender within 
24 hours, and some of the birds became tender in considerably shorter 
time. Klose et al. (1955) conducted similar tests on turkeys and reported 
like results. Their work showed that turkey frozen one or two hours after 
processing was four times as tough as turkey aged in ice water for 20 
6 
hours before freezing. Similar results were reported by Pool et al. (1955), 
Stadelman (1956), Klose, Campbell, Hanson, and Lineweaver (1960), Klose, 
Pool, de Fremery, Campbell, and Hanson (1960), and Klose e t al. (1961). 
The influence of the use of higher scalding temperatures during 
processing was investigated by Lineweaver (1955). He reported that 
toughness of turkey became more noticeable with the use of higher scald-
ing temperatures . Stadelman and McLaren (1954) stated that the length 
of time the bird was immersed in the scalding water was more important 
as far as tenderness was concerned than the actual temperature of the 
scald. Also, a shorter length of time between the killing of the bird 
and its immersion in the scalding water was of importance. Work done by 
Pool et al. (1954) and Klose and Pool (1954) substantiated these reports. 
Gainer et al. (1951) stated that muscles of machine-picked and hand-
massaged groups of poultry were more tender than the control group of 
turkey roasters which were hand picked. However, Wise and Stadelman (1957) 
conducted similar work which indicated that the more severe the beating 
or the longer the period of beating the more adversely the tenderization 
process was affected. 
Taste-testing methods 
In the past many methods have been used in taste testing and rating 
food. Tilgner (1962) mentioned the fact that there were many problems 
connected wi th sensory evaluation tests. The number of terms used for 
description and selection of reference standards are two problems men-
tioned. A committee on Taste Testing of the Institute of Food Technolo-
gists has attempted to summarize and define terms used in eval uating 
foods and beverages (Kramer, 1959). A later report by Bernhard (1961) 
specified the need for a "language of flavor." Intensive work orr flavor 
of meat by use of chemical and chromatography methods has begun on beef 
and to a lesser extent on other meats. Two approaches have been used to 
this type of meat flavor research (Batzer et al., 1961). One approach 
involved the identification of volatile and non-volatile components in 
cooked meat. The other approach involved the identification of flavor 
precursor substances from raw meat. Barylko-Pikielna (1960) stated that 
a thorough knowledge of these components of meat flavor might also affect 
the progress of research work on the influence of aging, cooling, and 
storage. 
The t ype of taste-testing methods should be selected with consider-
ation of the particular qualities to be judged. Changes in aroma and 
flavor due to processing were more eas ily measured by the dilution tests 
(Tilgner, 1962). Lowe and Stewart (1947) pointed out that there were 
definite regulations to follow in conducting subjective tests. Even the 
number of samples would affect the accuracy of the judging (Gridgemen, 
1956 and others) . 
Peryam and Gerardot (1942) indicated that even though the hedonic 
scale method was not new, it was valid: (1) in detecting small diffe r-
ences in the direct response to similar foods; (2) in detecting gross 
differences in the direct response to foods even when time, subjects and 
test conditions were allowed to vary; and (3) in field questionnaire sur-
veys, to reveal differences in group-preference attitudes toward foods. 
They felt that the hedonic scale was a great improvement over previous 
scales that had been used. 
METHODS AND PROCEDURE 
Lamb 
Sixty Rambouillet wether lambs were raised at the Branch Agricultural 
Experiment Station, Cedar City, Utah. They were allowed their mothers' 
milk and whatever pasture grass they ate for approximately three months. 
Ten lambs for group l were weaned and brought to Logan for slaughter, a 
distance of 350 miles, by truck . They were fed hay and water for two or 
three days and regained the weight lost in transportation. The remaining 
were continued on their mothers' milk and grass until approximately five 
and one-half months when they were weaned and brought to Logan. At this 
time they were divided at random into five groups of 10 each (Figure 1), 
and the lambs in group 2 were slaughtered. The remaining 40 lambs were 
subjected to different levels of feed. The percentage composition of the 
diet which was fed in pellet form was as follows: alfalfa, 50; soybean 
oil meal, 5; beet pulp, 15; barley, 28; salt, 1; and monosodium phosphate, 
l . In addition 400 IU vitamin A and 100 IU vitamin D per pound of food 
was added . The lambs in groups 3 and 5 were fed enough diet to just 
maintain their weight . The other 20 lambs (groups 4 and 6) were fed the 
same prepared pellet to allow a weight gain of approx imately 0.3 to 0.4 
pounds per day . Both lots were cont inued on this feed for 59 days at 
which time the animals in group 4 and group 3 were slaughtered. The lambs 
in group 5 which had just maintained their weight were then fed the pellet 
diet ad libitum until they weighed approximately the same as the control 
group (group 6) which were continued on the same level of feeding. It 
required 46 days for the weights of the two groups to be equalized. The 
20 
"" 
'" 
15 
" •rl 
"' 
"" 
"' 
"" 
" 
" 0 0.. 10 
5 
0 
50 
Days on feed 
I 
100 
Figure 1. Mean weight gain of lamb per day while 
on feed 
9 
X 
5 
10 
remaining 20 animals in groups 5 and 6 were then slaughtered . 
The carcasses of the animals were frozen three to four days after 
slaughter and the leg and loin roasts were cut while still in a frozen 
state and stored in plastic bags until they were cooked. All cuts were 
frozen for at least one month. 
Fat thickness was measured in sixteenths of an inch on the roasts 
after thawing . All cuts of meat were roasted at an oven temperature of 
325 F to an internal temperature of 180 F with a thermometer placed in 
the thickest part of the muscle. 
All roasts were weighed before cooking and immediately after cooking. 
After cooling, the leg roasts were tested for tenderness on the Warner 
Bratzler shearing apparatus. The pounds of pressure necessary to cut 
through a one inch cylinder of meat were recorded . For testing on the 
Orchard shear press machine, 100 grams of cooked meat was cut into small 
pieces. Tenderness was measured in pounds per square inch required to 
force the shear press cell through the meat . The same meat was used to 
determine the press fluid by using the succulometer where the juice was 
pressed from the meat by holding the pressure at 2500 pounds for five 
minutes . Because of the small size of the loins with small quantities 
of meat, machine tests were not made on the loin roasts . 
All roasts were rated for palatability by a trained taste panel of 
nine members . Test samples were wrapped separately in squares of aluminum 
foil and tested at room temperature. These flavor tests were made with 
the use of the hedonic scale (Peryman and Girardot, 1952) which when 
evaluated gave scores of 1 to 9 with 9 indicating the most desirable 
meat (Appendix, sheet 1). 
Chi-square, analyses of variance, and homogeneity of variance were 
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used in analyzing the data from the lamb . 
A total of 108 white broad-breasted turkeys were selected from one 
flock of the Big Tom Turkey Corporation in Cache County, Utah. They were 
fed on the Big Tom Turkey Corporation standard starter and grower mash. 
The hens (96) and toms (12) were divided into groups of 12 birds and 
processed as outlined in Table 1 . The hens weighed approximately 12 
pounds, and the toms averaged 20 pounds. All the turkeys were scalded 
at a temperature of 140 F immediately after killing . 
Table 1. Design of tenderness study on tur keys 
No. of birds Erocessed 
Water Ice Time 
cooled cooled 
Experiment 1 12 2 hr. 
12 4 hr. 
12 8 hr . 
12 12 hr. 
12 4 hr. 
12 8 hr. 
12 12 hr . 
Experiment 12 12 hr . 
Experiment 3 12 4 hr . 
In experiment l part of the turkeys, after processing, were placed 
in cooled water and part in ice slush for cooling, using various lengths 
of time. The water cooled birds were chilled in a Frick automatic poultry 
chiller to a temperature of 35-37 F as measured in the thigh, and the ice 
cooled birds were chilled in large metal tanks in ice slush. 
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The second experiment concerned one group of 12 hens which were not 
subjected to the pick and pin machine in addition to the picking machine, 
but the final pinning was done by hand . In experiment 3, 12 toms were 
treated as the hens in experiment and water cooled for four hours. 
After cooling the turkeys were drained, bagged in plastic bags which 
were then heat-shrunk, and frozen at -40 to -50 F . They were held in the 
frozen state for periods ranging from two weeks to two months before 
cooking. r L 
Half of the turkeys in each group were roasted from a frozen state, 
and half were completely thawed in the refrigerator before roasting. All 
1'- 'i' {. •. 
frozen turkeys were roasted in an oven at 325 F, while the thawed birds 
Y-.(..__ 
were roasted at 275 F oven temperature. They were all placed on racks, 
breast side down, for approximately half of the cooking time and then 
they were turned completely over. At this time aluminum foil was placed 
on the legs and wing tips to prevent them from getting too brown . Roast-
ing thermometers were inserted into the right side of the breasts at this 
time . The birds were roasted to an internal temperature of 180 ~ 
Weights were taken before cooking and immediately after removal 
from the oven. The drip in the pan and the breast muscle (pectoralis 
superficialis) were also weighed separately. 
After cooling for approximately one to one and one-half hours, the 
large outer breast muscle (pectoralis superficialis) was removed from 
the left side of the turkeys. This muscle was selected as Klose et at. 
(1959) found that the large outer breast muscle (pectoralis superficialis) 
gave the most satisfactory standard sample to use in tenderness tests 
because of its size, ease of separation and maximum sensitivity to pro-
cessing factors with respect to changes in tenderness. These workers 
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also showed that the breast muscle on either side of the bird gave almost 
identical results for tenderness. 
A one-inch square cross section was cut from the pectoralis super-
ficialis, parallel to the grain of the muscle, and one inch from the 
anterior end using a metal bar one by six inches as a guage . Six s uc-
cessive cuts were then made at one-half inch intervals on the Warner 
Bratzler type shearing apparatus . These cuts were then tested by six 
experienced taste panel members for tenderness, ranking them from l t o 
4 with l being most tender (Appendix, sheet 2). 
The data on the turkey was not submitted to statistical ana l ysis 
because for best marketing purposes all turkeys subjected to a given 
treatment must be tender or moderately tender. One tough bird purchased 
by a consumer could mean no more purchases of that brand of turkey even 
though the majority of these turkeys were tender. 
RESULTS AND DISCUSSION 
Objective tests. In Table 2 are shown the mean values for the leg 
roasts of the six groups according to the objective tests that were made. 
Only the leg roasts were tested on the machines, since the loin roasts 
were too small to supply the required amount of meat in addition to the 
s amples for tasting. Differences in tenderness values, as measured by 
either the shear force or shear press were significant at the 5 percent 
level (Table 3). The means for group 1, which were the youngest animals, 
were the highest values, indicating the toughest meat on the shear force 
and shear press machines. Variation in tenderness between aQima l s was 
also greatest between the individual lambs in group 1. The lambs in 
group 1 were just three months old at the time of slaughter. Management 
may be a factor in producing the tough meat rather than the age and feed 
of the animals in group 1. The lambs were weaned before the usual time 
for weaning and transported 350 miles to the place of slaughter. The 
lambs regained the weight lost during transportation by water and the 
hay they could eat; however, the PFevious food had been only milk and 
water. 
The values for the other five groups were approximately the same 
for either the shear force or shear press measurements. The shear force 
values for tenderness showed a highly significant positive corre l a t ion of 
0.51 with the shear press values. 
The chi-square test for homogeniety of variance showed that dif fer-
ences in variation wi t hin groups was significant at the 5 percent level 
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Table 2. Values for objective tests on l eg for individual lambs 
Test Grou no . 3 4 5 6 
A. Shear force, 16.8 14.8 12.1 10 . 6 12.1 10 . 2 
lbs.a 16 . 6 11.9 9.6 10.6 10.6 12.4 
12.5 ll . 8 12 . 1 12.5 11.4 ll . 5 
17.8 10 . 6 12 .4 16 . 5 9.9 ll .6 
10.6 10 .6 13 . 1 15.1 15 .2 ll. 2 
17.4 14 .7 16.3 14.3 16.4 ll. 2 
22.1 21.6 17.3 11.4 15 .7 16 .4 
15 . 7 9.8 18.2 15 . 0 16.6 13 .3 
12 .9 10.2 14.4 9 . 9 10.8 11.4 
27.9 20.5 17.0 15.7 15.5 11.3 
Mean 17 . 0 13.6 14 .2 13. 2 13 . 4 12.0 
B. Shear press, 780 900 850 1025 860 
lbs. per sq. in. 1000 870 900 840 
975 lllO lllO 1225 
840 1010 1330 815 
925 ll25 1270 
1230 950 
960 1240 
1560 940 1090 1390 ll05 ll60 
870 930 930 
ll40 ll60 1290 1220 930 
Mean 1560 967 983 1053 ll24 994 
c. Press fluid, o. 7 1.2 1.8 3.3 1.8 
ml. 1.0 1.8 3.1 2.3 
1.3 2. 9 3.1 1.9 
1.1 2.5 3.0 1.3 
1.4 2.8 1.5 
5.5 4.1 
4 . 2 2.2 
3 . 2 4.0 2.3 5.0 2.5 2.9 
2.2 1.1 2.5 
4.5 4 . 5 2.2 3.2 4 .3 
Mean 3.2 2.3 2.1 2.8 2. 9 2.6 
8 Low value more tender 
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Table 3. Analysis of variance for objective tests, lamb 
Source of variation Degrees of freedom Mean squares 
Warner Bratzler shear force 
Replications 59 12.71 
Treatments 5 28. 3li< 
Error 54 ll. 26 
Shear press 
Replications 37 33497.92 
Treatments 5 78932. 20<< 
Error 32 26398.81 
Press fluid 
Replications 37 1.48 
Treatments 5 0.68 
Error 32 l. 61 
<<Significant at 5 percent probability. 
(Table 4). The var iation in tenderness between lambs in group 6 was 
approximately seven to nine fold less than the variance shown by the 
lambs in groups l and 2; and two plus fold less than the variances of 
groups 3, 4, and 5. Thus, the lambs in group 6 were more uniform as a 
group which indicated that the constant weight gain would be somewhat 
more desirable as a method of feeding. 
The most juicy meat was from group with groups 4 and 5 next . There 
was a tendency for the juiciness or press fluid values to be higher in 
the meat with higher shear press values . However, differences between 
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groups were not great enough to be significant. The shear force values 
were not correlated significantly with the press fluid values (+0.26). 
Shear press and press fl uid va lues gave a positive correlation of 0.42 
which was signif i cant at the 1 percent l evel . 
Table 4 . Homogeneity of variance, lamb 
Group Degrees of freedom Mean squares 
A. Within group analysis 
9 25. 08 
9 18.23 
3 9 8.07 
4 9 5.98 
5 9 7.24 
6 9 2.97 
B. Chi-square analys i s 
Degrees of freedom Chi-square 
5 12 . 57'' 
''Significant a t 5 percent probability . 
Taste panel scores. Mean taste panel scores on l oin and leg r oas ts 
are given in Table 5. Differences due to treatment were not significant 
(Table 6); that is, differences were not great enough to be detec ted by 
the judges. Mean scores for the loin roasts ranged from between "like 
moderately and like very much" to "like moderately and like slightly ." 
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Table 5. Taste panel scores of judges for individual lambs 
Cut of meat Groul' number 2 3 4 5 6 
Loins 7. 8 7.0 7.0 6 . 6 5.0 7.2 
6.5 7.6 8.1 6.1 7.5 7.4 
7.1 7.0 6.7 7.2 5.7 6.7 
7.4 7.2 5.3 7.1 7.9 7.8 
7 .1 7.8 7.2 7.6 6.3 7.4 
6 . 9 7.6 6.9 6.7 6.7 7.2 
6.7 6.9 7.0 7.2 6.9 7.2 
7.0 7.8 7. 1 6.6 8.2 6.3 
7. 0 6.9 7. 2 6.1 7.1 5.7 
6.9 7.6 6.8 7.0 7.2 6.7 
Mean 7. 1 7.3 6.9 6.8 6.9 6.9 
Legs 7.3 6.6 6.9 7.3 6.3 7.3 
6.0 7.3 7.2 6 .4 7.2 6.9 
6.7 6.6 7.3 7.3 6. 7 7.6 
7. 3 6. 7 6.8 7.0 7.4 6 . 8 
6.8 6. 7 7.5 7.3 7.0 7.]. 
6 . 6 7. 6 7.2 6. 6 7.4 7.2 
7. 1 6.7 7. 1 6.7 7.1 6.9 
7.5 7.2 6.6 6. 9 7.8 6.4 
7. 4 7. 2 7.6 6.7 7.4 6.7 
7.6 6.9 6.7 7.2 7.6 7.2 
Mean 7.0 7.0 7. 1 6 . 9 7.2 7. 0 
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Table 6. Analysis of variance of subjective tests, lamb 
Source of variation Degrees of Mean squares 
freedom 
Legs 
Treatment 5 1. 724 
Animals/treatment 54 2. 771M< 
Residual 912 1. 309 
Total 1079 
Loins 
Treatment 5 6.470 
Animal/treatment 54 6.857><1< 
Residual 912 1. 281 
Total 1079 
*i<Significant at l percent probability. 
The highest value (most preferred) for loin meat indicated by taste 
panel scores was from group 2 which was only slightly higher than the 
scores for the other groups. 
The range in mean scores for the leg roasts was less than for the 
loins. Meat from group 5 scored highest with that from gr oup 4 scoring 
lowest. The interaction of animals by treatment were highly significant. 
Differences between animals within a group were greater than between groups. 
Mean scores for the whole lamb, that is, combined scores for leg and 
loin had an even smaller range than for the leg or loin separately (6.9 
to 7.0). Meat from all groups was judged equally good . 
Fat thickness. Fat thickness of loin and leg roasts is given in 
Table 7. The fat thickness for the loins of the animals on restricted 
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Table 7. Fat thickness of lamb (in sixteenths of an inch) 
Cooking day GrauE number 2 3 4 5 6 
Loin 
oa 6 3 8 10 6 
4 2 4 4 
3 2 2 4 5 4 6 
4 0 0 4 5 4 8 
5 2 2 2 8 4 8 
6 2 2 4 2 4 4 
2 2 2 8 4 6 
8 4 2 6 8 
9 2 2 3 6 4 8 
10 0 4 6 6 8 
Mean 1.5 3.1 3.2 5.0 5.0 6.8 
.kg 
0 2 4 8 2 8 
2 0 2 12 4 8 
3 0 4 4 
4 2 4 2 4 6 
5 0 4 2 
6 0 0 2 0 0 
0 0 2 2 
8 0 2 4 1 
9 0 2 0 0 2 2 
10 2 
Mean 0 . 2 1.5 1.7 3.7 2. 5 3.1 
ao 
- trace or very thin layer. Measurements were taken as an overall 
covering. Some spots were thicker than the recorded measure . 
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feed was less than that for the animals fed for a constant weight gain. 
Even though the animals in groups 5 and 6 weighed approximately the same, 
the fat thickness of group 5, which was first restricted for feed then 
fed to gain rapidly, was less than for group 6 which was fed for a constant 
gain. 
Fat thickness for leg roasts was considerably less than for the 
loin roasts. However, the general trend was the same . That is, the 
animals on restricted feed had thinner fat layers than those fed for a 
constant gain. 
Weight loss. The loin roasts showed a smaller percentage of weight 
loss than the leg roasts (Table 8). The loin roasts in group 5 (restricted 
feed) exhibited the greatest weight loss; while group 2 loins showed the 
least. 
Leg roasts in group 1 indicated higher weight loss percentages. 
The other groups of leg roasts showed very little variation. 
Age and weight at slaughter. The mean and variation of age at 
slaughter, live body weight, and cool carcass weight is given in Table 9. 
The animals in group 3 were supposed to maintain the weight which they 
had at the time group 2 was slaughtered . However the animals in group 
averaged less weight than the animals in group 2. This is possibly due 
to the individual animal differences in each group . The animals in groups 
5 (restricted feed) and 6 (fed for a constant weight gain) were very 
nearly the same with only 0.6 pound difference in the cool carcass weight 
and 0.4 pound difference in live body weight. 
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Table 8. Loss in weight during cooking 
Cooking day GrauE number 1 2 3 4 5 6 
% % % % % % 
Loin 
24.3 20 . 4 24.5 20.6 23.8 22.0 
2 18.5 19.0 18.9 37.2 29.0 25.6 
3 18 . 8 12.4 18.8 21.4 19 . 0 19.9 
4 28.1 17.7 24.8 23.7 26.6 19.8 
5 22 .1 18.7 14.1 18 . 1 26.7 20.8 
18.4 12.5 25.8 22.9 25.7 20.3 
28.7 17.8 17 .5 21.3 27.2 24.6 
8 18.7 14.4 17.6 16.3 25.5 26.9 
9 26.8 23.3 27.0 23 . 9 28.3 23.8 
10 20.2 19.8 21.4 19.9 32.2 22.3 
Mean 22.5 17.6 21.0 22.5 26.4 22 . 6 
~ 
36 . 4 31.2 31.6 28.7 33.0 32.6 
32.3 31.4 26 .4 29.0 32.7 29 .8 
3 35.6 30 . 2 28.9 30.3 30 . 1 30.1 
4 31.5 29.2 29.3 28 . 1 32 . 5 29 .8 
5 32.8 31.2 28.3 29 . 5 26 . 0 30 . 4 
6 32.6 26.3 30.3 26.0 28 . 8 27.8 
28.6 30 . 2 28.5 33 . 8 28.5 29.6 
8 30.7 25.7 28.0 26 . 9 30.7 32.6 
9 29.6 29.3 27.6 27.8 33 . 0 29.3 
10 33.0 28.6 25.2 29.6 31.6 25.7 
Mean 32.3 29.3 28.4 29 .0 30.7 29.8 
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Table 9. Age, live weight and cool carcass weight of lambs 
Mean age 
Mean live Group at Variation Variation carcass Variation 
slaughter body weight weight 
(days) (days) (lbs.) (lbs.) (lbs.) (lbs.) 
91.9 90-95 60.6 50-68 26.9 22.4-31.4 
2 164.1 153- 170 80.7 77-90 37.1 33.0-41.0 
3 220.9 212-230 71.4 63-84 34.5 29.0-40.5 
4 222.2 213-229 91.3 82-101 44.4 41.5-51.8 
5 269.4 265-275 98.8 91 - 106 47.7 42 . 0-53.5 
6 267.2 259-276 98.4 93-106 48.3 45.0-54.8 
Ice chilled vs. cool water chilled turkey hens. In Table 10 and 
Figure 2 is shown the effect of the different chilling times on the 
tenderness of the turkeys. In this study values of 22 or less pounds of 
shear force were considered of acceptable tenderness. Values from 23 to 
26 pounds were considered borderline or moderately tender, and any read-
ing on the Warner Bratzler shear force machine of 27 pounds or above was 
tough. The fraction of the turkeys studied which came within the values 
for tender or moderately tender meat is also shown in Table 10 . 
Experiment l was concerned with aging periods of 2 to 12 hours in 
either ice slush or the new Frick automatic poultry chiller which makes 
use of previously cooled water. As the turkeys passed the length of the 
machine, they passed from warmer to colder water which could cool the 
whole bird to the same temperature in much less time than when ice water 
was used. However, it was not known if the machine could be set so that 
the turkeys would reach the tenderness stage by one passage through the 
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Table 10. Effect of period above freezing on tenderness 
Shear force for breast muse lea 
State cooked Hrs. chilled Fraction with shear force 
from Ice Water Average Range 0-22 lbs.ll 23-26 lbs . ~ 
lbs . lbs. 
Experiment 
Frozen 2 27.3 16-38 2/6 1/6 
Thawed 2 21.6 12-29 3/6 1/6 
Frozen 4 21.0 14-26 3/6 3/6 
Thawed 4 21.1 17-23 4/6 2/6 
Frozen 8 21.3 14-27 4/6 1/6 
Thawed 8 21.9 17 -25 3/6 3/6 
Frozen 12 19 . 7 10-24 3/6 3/6 
Thawed 12 17.3 14-19 6/6 
Frozen 4 18 .2 12-22 5/6 1/6 
Thawed 4 22 . 8 15-28 3/6 2/6 
Frozen 8 17 .6 14- 23 5/6 1/6 
Thawed 8 18 . 4 11-27 5/6 
Frozen 12 19.1 15-24 5/6 1/6 
Thawed 12 18.1 13-23 5/6 1/6 
Experiment 2 
Frozen 12 19 .8 14- 24 4/6 1/6 
Thawed 12 21. 5 18-27 4/6 1/ 6 
Experiment 3 
Frozen 4 19 .6 13-25 5/6 1/6 
Thawed 4 22 . 2 15 - 32 4/6 1/6 
8 Low value or r ank indicates more tender 
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Figure 2. Warner Bratzler tenderness scores for 
water cooled and ice cooled turkeys 
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machine and therefore, could be bagged and frozen immediately. If this 
were possible, greater numbers of turkeys could be processed in the same 
length of time, and labor costs could be kept to a minimum. If a longer 
time would be needed, removal of the turkeys to tanks of ice water would 
require more space and increase the labor costs . 
The turkeys aged for only 2 hours in the Frick cool water machine 
were definitely more tough according to both shear force values and taste 
panel rank (Table 11 and Figure 3) when compared with any other aging 
period. Only two or three of six tur~eys were tender. If the number 
of tender, plus moderately tender turkeys are excluded, half or three of 
six turkeys water cooled two hours were tough compared to no tough turkeys 
for the groups cooled for longer periods of time with an exception of one 
tough turkey in the group cooled eight hours and cooked from the frozen 
state. 
The turkeys aged for four hours in chilled water had approximately 
the same values for tenderness as the turkeys aged for four hours in ice 
slush. However, the birds aged for eight hours in ice slush gave con-
siderably more tender results than those aged for eight hours in the 
cooling machine . In these groups only three or four of the six turkeys 
were tender that were cooled in water for eight hours compared to five 
of six cooled in ice slush. Most of the other turkeys in water cooled 
groups were only moderately tender. With eight hours of cooling one 
turkey was tough in the group that was water cooled and cooked from the 
frozen state as noted above. In both the groups cooled by ice slush for 
four or eight hours one tough turkey was noted in the groups cooked from 
the thawed state . 
The turkeys aged for 12 hours in both ice slush and cooled water 
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Table 11. Taste panel rank for tenderness of turkey and mean weight loss 
during cooking 
State cooked Hours chilled Rank a Weight 
from Ice Water Mean Range loss 
(%) 
Experiment 
Frozen 2 2.61 1. 7-3 . 2 18.9 
Thawed 2 2 . 30 1.0-3 . 5 30 . 0 
Frozen 4 2.06 1.2- 2.8 24.4 
Thawed 4 2.11 1.7-3 . 0 24.7 
Frozen 8 2.25 1. 8- 2 . 7 18.2 
Thawed 8 2 . 14 1.5-2 . 8 26.8 
Frozen 12 1. 67 1.0- 2.7 19.2 
Thawed 12 1.41 1.2- 2.0 28.7 
Frozen 4 1. 98 1.4-2 . 8 16.0 
Thawed 4 2.08 1.3-3 . 3 26 . 4 
Frozen 8 1.80 1.2-2 . 6 17 . 6 
Thawed 8 1. 70 1.0-3 . 0 27 . 0 
Fro zen 12 1. 96 1.4-2 . 7 16.1 
Thawed 12 1. 98 1.3- 2.6 26.2 
Experiment 
Frozen 12 2 . 03 1.3- 3 . 3 27 . 3 
Thawed 12 2 . 27 1. 2-3 . 2 27.0 
Experiment 3 
Frozen 4 1. 91 1.0-2 . 5 34.3 
Thawed 4 2 . 20 1.2-3.0 26.8 
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Figure 3. Rank by taste panel for water cooled 
and ice cooled turkeys 
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showed very little variation with five or six of the six turkeys being 
tender except in those cooled in water and cooked from the frozen state. 
Here half of them were only moderately tender. 
Taste panel results. Mean ranks for tenderness for the various 
treatments showed a similar pattern of variation to that shown by the 
shear force values (Table 11). The birds water cooled for 2 hours and 
cooked from the frozen state ranked the toughest. 
Individual ranks for either method of cooling as shown in Figure 3 
do not indicate greater differences between methods than is shown by 
mean rank and range in Table 11. 
Frozen state vs. thawed state. The turkeys roasted from the frozen 
state were expected to be more tough according to previous work (Klose 
et al., 1959). However, results in this study were not as definitive. 
The birds roasted from the frozen state which had been water chilled 
showed a greater range in shear force values than those thawed before 
cooking. Most of the groups of birds roasted from the frozen state had 
several tender and at least one tough bird which raised the mean. Con-
verse l y, the birds from the ice cooled group which were roasted from the 
frozen state gave smaller ranges than those from the thawed state. The 
ice cooled birds showed more tender results; that is, all but one group 
had 5 tender birds out of 6 as compared to the water cooled which had 3 
or 4 tender birds in most groups. The mean values for tenderness by the 
taste panel in nearly every instance compared with those of the Warner 
Bratzler shearing apparatus. 
Machine picked vs. partially hand picked turkey hens. A new pick 
and pin machine had been recently installed in the processing line in 
addition to the picking machine. The question arose as to its affect on 
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the tenderness of the processed birds . Experiment 2 was concerned with 
the effect of the machine on the turkeys compared with 12 birds on which 
the final picking was done by hand instead of the new pick and pin machine. 
Previous work by Klose et al. (1959) indicated that the beating action of 
mechanical feather pickers has a toughening effect. This toughening 
appears to be accumulative and depends on the duration and force of the 
beating. The toughness is neither eliminated nor reduced by the chilling 
procedure afterward. 
The shear-force values obtained on the 12 birds picked by hand in 
this experiment gave readings which were just slightly tougher than the 
12 comparable birds processed in the mechanical picking machine. The 
taste panel results also gave the more tender rating for the machine 
picked birds. 
Toms. In experiment 3 six toms were cooked from the frozen state 
and six were cooked from the thawed state after four hours of water 
chilling . The values on the shear force machine were slightly less for 
the frozen birds compared to the thawed. Five out of six frozen birds 
were tender compared to four out of six of the thawed ones. The frozen 
birds were also more tender according to the taste panel results. The 
short aging period possibly is involved in view of the fact that maximum 
tenderness has been shown to require 12 hours. The small number of 
turkeys tested in experiment 2 and in experiment 3 may also be factors 
in reversing the expected results . 
In a comparison of the toms and hens that were treated identically, 
the group of toms had slightly more tender birds than the group of hens. 
Weight loss during cooking. On Table 11 is shown the mean weight 
loss during cooking. In six instances the birds thawed before cooking 
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lost approximately 37 percent more weight than the birds cooked from the 
frozen state, in two instances the weight loss was equal, and the weight 
loss of the frozen toms was greater than that for the thawed toms . While 
birds from both methods of cooking were cooked to the same internal tem-
perature of 180 F, oven temperature and approximate length of time for 
cooking varied . The thawed birds took five to six hours depending on 
weight to reach an internal temperature of 180 F in a 275 F oven, and the 
birds cooked from the frozen state took four to five hours depending on 
weight to reach an internal temperature of 180 F in a 325 F oven. 
Weight gain during cooling. During the cooling process, the birds 
absorbed water, thus showing a gain in weight. The average weight gain 
is shown in Table 12. As pointed out by Klose, Pool, de Fremery, Camp-
bell and Hanson (1960) most of the water absorbed by the turkeys is held 
between the skin and the muscle. Little change is evident in the water 
content of the large breast muscle. They also showed that fat in the 
skin does not affect the extent of water absorption on a water-to-
protein basis. Approximately half of the gain in weight during the 
chilling was subsequently lost during drainage. The l onger the turkeys 
were in the water, the more water was absorbed by the turkeys in this 
study. 
Weight of pectoralis superficialis. Mean weights of the pectoralis 
superficialis muscle of the hens varied between 201 and 249 grams. The 
mean weights of the pectoralis superficialis muscle of the toms showed a 
variation of 322 to 336 grams. These weights are shown in Table 12. 

SUMMARY 
The first phase of the study was made on 60 Rambouillet lambs to 
determine the effect of varying rates of weight gain on the palatability 
and tenderness of the meat. A loin and a leg roast from each animal were 
tested and judged. 
The meat from the lambs in group l, which were the youngest group, 
was the toughest. However , this may have been due to management rather 
than the age and the feed of the animals. The remaining groups showed 
little variation for tenderness with the meat from the lambs in group 6, 
which were fed for a constant gain of weight being slightly more tender. 
Group 6 also showed the least variation for tenderness. The variation 
of tenderness in group 6 was nearly 10 fold less than that in group l . 
The chi-square test for homogeneity of variance was significant at the 
5 percent level. 
The taste panel scores agreed closely with the objective tests. 
However, the meat from group 2, which contained animals just weaned 
(five and one-half months old) was slightly more preferred. The range 
of mean scores for leg roasts was even less than for loin roasts. 
Fat thickness as measured on roasts before cooking showed that 
animals fed for a constant weight gain had thicker fat covering than 
animals on restricted feed which was then followed by liberal feed, 
even though their weights were equal . 
The loin roasts showed a smaller percentage weight loss during 
cooking than the leg roasts. 
This study indicated no great differences in eating quality of lamb 
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due to rate of weight gain as controlled by method of feeding. 
Phase two of the study was primarily concerned with the effect of 
length of chilling time as influenced by method of chilling on the tender-
ness of roasted turkeys. Sex differences, method of feather removal, and 
cooking method were also considered. 
Turkey hens cooled either in ice s lush or previously cooled water 
for periods ranging from 2 to 12 hours were tested on the Warner Bratzler 
sear force machine and ranked by a panel of judges for tenderness. The 
turkeys aged for 2 hours were definitely less tender than any other aging 
period. The results of this study indicated that individual variation 
in turkeys within the groups was high, giving wide ranges of values on 
the objective tests and consequently high means. Meat in only one group 
(2 hours water cooled) was judged unacceptable. The turkeys chilled 
either in water or ice slush for 4 hours were approximately equal in 
tenderness. All birds with a few exceptions were tender or moderately 
tender for both methods of cooling for the 4, 8, and 12 hour periods. A 
few more birds in the water cooled group showed va lues which were only 
moderate ly tender. 
No great variation was evident between the birds roasted from the 
thawed state and from the frozen state. 
Twelve hens were not subjected to the pick and pin machine in addition 
to the picking machines in order to investigate the effect of the beating 
action on the meat. These turkeys showed no increased tenderness. 
Twelve toms which were tested, ranked favorably with the hens. No 
real differences were noted. 
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APPENDIX 
Sample 
Number 
,•,Rank l 
Appendix Sheet 
Tenderness, Tex ture ~ Flavor 
Comments: Check appropriate column 
Rank* I Moderately I I Tender Moderately Tender Tough 
Comment on unusual texture, if any, and describe any off flavor 
more tender 
-
Tough 
w 
"' 
40 
Appendix Sheet 2 
Name ____________________________________________ _ Date ________________ ___ 
Sample ______ Sample _______ Sample _______ Sample _______ Sample ______ _ 
Like 
9 Extreme ly 
Like 
8 Very Much 
Like 
7 Moderately 
Like 
6 Slightly 
Like 
Extremely 
Like 
Very Much 
Like 
ModeraLe l y 
Like 
Slightly 
Neith~r Like Nei t her Like 
5 Nor Dislike Nor Dislike 
Dislike 
4 Sligh tly 
Dis like 
3 Moder ate ly 
Di s like 
2 Very Muc h 
Di s like 
1 Extremely 
Comments 
Dislike 
Slightly 
Dis like 
Moderately 
Dis like 
Very Much 
Dislike 
Extremely 
Connnents 
Like 
Extremely 
Like 
Very Much 
Like 
Moderately 
Like 
Slightly 
Like 
Extreme ly 
Like 
Very Much 
Like 
Moderatley 
Like 
Slightly 
Like 
Extremely 
Like 
Very Much 
Like 
Moderate ly 
Like 
Sli ghtly 
Neither Like Neither Like Nei ther Like 
Nor Dislike Nor Dislike Nor Dislike 
Dislike 
Slightly 
Dislike 
Moderately 
Dislike 
Very Much 
Dislike 
Extremely 
Comments 
Dislike 
Slightly 
Dislike 
Moderately 
Dislike 
Very Much 
Dislike 
Extremely 
Comments 
Dislike 
Slightly 
Dislike 
Modera tely 
Dislike 
Very Much 
Dis like 
Extremely 
Comments 
Directions : Comple te ly encircle the category which best describes your 
r eaction t o the sample written a bove t he co lumn. Then under 
Comments give your reasons for rating the samp le as you did . 
(i .e . Flavor t oo strong, lacks flavor, odor not pleasant, 
etc.) 
